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[0001] This application claims the benefit of Korean Patent Application No. 
P2000-85280, filed on December 29, 2000, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] This invention relates to X-ray detectors. More particularly, it relates to 
an X-ray detecting device, and to a fabricating method thereof, having reduced ground 
line breakage. 

Description of the Related Art 

[0003] Generally, an X-ray imaging system photographs an object using X-ray 
sensitive film. Such systems have been useful in medical, scientific, and industrial 
applications. While photographic films have been useful, another X-ray imaging 
system that uses X-ray detecting panels to convert X-rays into electrical signals is 
becoming more common. Such an X-ray detecting panel is illustrated in Fig. 1 . That 
panel includes a photo sensitive layer 6 for converting X-rays into electrical signals 
and a thin film transistor substrate 4 that selectively outputs those electrical signals. 

{0004] The thin film transistor substrate 4 includes pixel electrodes 5 that are 
arranged in a pixel unit and thin film transistors (TFT's). Each thin film transistor is 
connected to a charging capacitor Cst, to a gate line 3, and to a data line (which is not 
shown). On the upper portion of the photosensitive layer 6 is a dielectric layer 7 and 
an upper electrode 8. The upper electrode is connected to a high voltage generator 9. 
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The photosensitive layer 6 is comprised of selenium with a thickness of hundreds of 
/xm. That layer detects incident X-rays and converts them into electrical signals. To do 
this, the photosensitive layer 6 produces electron-hole pairs in response to incident X- 
rays. The electron-hole pairs are separated by a high voltage (several kVs) applied to 
the upper electrode 8 by the high voltage generator 9. Separated charges are stored in 
the charging capacitor Cst by way of the pixel electrode 5. However, some of the 
separated charges accumulate on the surface of the pixel electrode 5. This reduces the 
charge stored in the charging capacitor Cst. In order to prevent such a reduction, a 
charge-blocking layer 11 is formed on the pixel electrodes 5. The thin film transistors 
(TFT) respond to gate signals input on the gate line 3 by applying pixel signals from 
the charging capacitors Cst to data lines. Those pixel signals are applied, via a data 
reproducer, to a display device that produces an image. 

[0005] Fig. 2 is a plan view showing part of the thin film transistor substrate 4 
of Fig. 1. Referring now to Fig. 2, in the thin film transistor substrate 4 each pixel 
electrode 5 is formed in a unit pixel area defined by gate lines 3 and data lines 10. 
Each charging capacitor Cst includes a storage electrode 25, a transparent electrode 
(which is not shown) above the storage electrode 25, and an interposed storage 
insulation layer 32. A ground line 22 crosses each pixel electrode 5. The ground line 
resets residual electric charges on the charging capacitor Cst. 

[0006] Each thin film transistor (TFT) is formed at an intersection between a 
data line 10 and a gate line 3. Each TFT includes a gate electrode 12 that extends from 
a gate line 3, a source electrode 16 that extends from a data line 10, a drain electrode 
14 that connects, via a drain contact hole 15, to a pixel electrode 5, and semiconductor 
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layers (which are not shown) that connect to the source electrode 16 and to the drain 
electrode 14. 

[0007] One end of each gate line 3 and one end of each data line 10 
respectively have a gate pad 18 and a data pad 20. Those pads connect to a driving 
integrated circuit (IC). The gate line 3, the gate electrode 12 and the gate pad 18 are 
made from the same metallic structure. That structure is beneficially comprised of 
sequentially disposed aluminum (Al) and molybdenum (Mo). To produce good signal 
transfer characteristics, the data line 10 is beneficially comprised of a molybdenum 
metal. The data pad 20 has a structure similar to the gate pad 18. This enables 
connecting the driving IC using an Al wire bonding. Since the data pads 20 are 
formed on a level that is different than the data lines 10, the data pads connect to the 
driving IC(s) via a contact hole 21 that passes through a gate insulating film (which is 
not shown). The gate pads 18 and the data pads 20 have an Al layer that is exposed, 
respectively, through contact holes 13a and 13b. 

[0008] Fig. 3 A to Fig. 3G are section views showing a method of fabricating 
the thin film transistor substrate shown in Fig. 2. First, as shown in Fig. 3 A, the gate 
electrode 12 is formed by sequentially depositing an Al metal 12a and a Mo metal 12b 
on a substrate 2, and then patterning those metals. 

[0009] As shown in Fig. 3B, a gate insulating film 32, an active layer 34a, and 
an ohmic contact layer 34b are then formed by depositing an insulating material and 
first and second semiconductor layers over the entire surface of the substrate 2 
(including over the gate electrode 12), and then patterning the first and second 
semiconductor layers to form a semiconductor structure 34. 
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[0010] After formation of the semiconductor structure 34, as shown in Fig. 3C, 
a transparent drain electrode 17 and the storage electrode 25 are formed by depositing 
and patterning a transparent conductive material over the gate insulating film 32. 
Then, as shown in Fig. 3D, the source electrode 16, the diain electrode 14, and the 
ground line 22 are formed by depositing a data metal film over the substrate 2 
(including over the transparent drain electrode 17 and over the storage electrode 25) 
and then patterning the data metal film. The drain electrode 14, the transparent drain 
electrode 17, and the ground line 22 electrically contact the storage electrode 25. 
Referring now to Fig. 3F, a storage insulating layer 36 is then formed by depositing 
an insulating material over the gate insulating film 32 in such a manner as to cover the 
source electrode 16, the drain electrode 14 and the ground line 22. 

[0011] As shown in Fig. 3E, a transparent storage electrode 35 is then formed 
by depositing a transparent conductive material over the storage insulating layer 36, 
and then patterning that transparent conductive material. Subsequently, as shown in 
Fig. 3F, a drain contact hole 15, and first and second storage contact holes 19a and 
19b are formed by depositing an insulating material over the storage insulating layer 
36 to form a protective layer 40, and then patterning that protective layer 40 to form 
the holes. 

[0012] Finally, as shown in Fig. 3G, a pixel electrode 5 that is electrically 
connected to the transparent drain electrode 17 and to the transparent storage 
electrode 35 is then formed by depositing a transparent conductive material onto the 
protective film 40, and then patterning that transparent conductive material. 
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[0013] Referring now to Fig. 2, the storage electrode 25 and the gate line 3 are 
spaced at a desired distance H. Thus, the storage electrode 25 is formed on the gate 
insulating film 32 (see Fig. 3C) in such a manner as to produce a step as shown in Fig. 
4. If a ground line 22 is formed on the storage electiode 25 over the step breaking the 
ground line 22 at the step can occur. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, it is an object of the present invention to provide an X- 
ray detecting device, and a fabricating method thereof, that is capable of reducing 
ground line breakage. 

[0015] In order to achieve that and other objects of the invention, an X-ray 
detecting device according to one aspect of the present invention includes a ground 
line connected to each X-ray detecting cell in a column. A storage electrode extends 
into each X-ray detecting cell and connects to the ground line. Additionally, a pixel 
electrode is provided at each X-ray detecting cell. 

[0016] The X-ray detecting device further includes a plurality of thin film 
transistors, each having a gate electrode connected to a gate line; a source electrode 
connected to a data line; and a drain electrode connected to a pixel electrode. 

[0017] The X-ray detecting device further includes a gate insulating film that 
insulates the gate electrodes, the source electrodes and the drain electrodes; a storage 
insulating layer that covers the source electrodes and the drain electrodes; a protective 
film on the storage insulating layer; and drain contact holes that enable pixel 
electrodes and drain electrodes on the protective film to be in electrical contact. 
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[0018] The X-ray detecting device further includes an overlapping transparent 
storage electrode, with the storage electrode having the storage insulating layer 
therebetween; and a storage contact hole for allowing pixel electrodes and the 
transparent storage electrode to be connected to the protective film. 

[0019] In the X-ray detecting device, the transparent storage electrode is 
formed from a transparent conductive material, which is beneficially selected from 
any one of indium-tin-oxide (ITO), indium-zinc-oxide (IZO) and indium-tin-zinc- 
oxide (ITZO). 

[0020] The ground line is beneficially formed from any one of chrome (Cr) or 
molybdenum (Mo). 

[0021] The X-ray detecting device beneficially further includes an auxiliary 
data line formed along each of the data lines. That auxiliary data line is beneficially 
formed from a transparent conductive material selected from indium-tin-oxide (ITO), 
indium-zinc-oxide (IZO) and indium-tin-zinc-oxide (ITZO). 

[0022] The direction of the column is beneficially parallel with the data lines. 

[0023] A method of fabricating an X-ray detecting device according to 
another aspect of the present invention includes forming a gate insulating layer on a 
substrate that covers a plurality of gate lines; forming a storage electrode for each X- 
ray detecting cell on the gate insulating layer, with the storage electrodes being 
interconnected in a column direction; forming a ground line that is connected to the 
storage electrodes so as to apply a ground voltage to each of the X-ray detecting cells; 
coating a storage insulating film on the gate insulating film; preventing etching of the 
storage insulating layer; forming a protective film on the storage insulating film; 
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via the contact hole, to the electrode on the protective film. 

[0024] The method further includes the steps of forming gate electrodes, each 
connected to a gate line; forming souice electrodes, each connected to a data lines, 
and forming drain electrodes, each connected to a pixel electrode. 

[0025] In the method, the storage electrode is beneficially formed from a 
transparent conductive material, which is selected from indium-tin-oxide (ITO), 
indium-zinc-oxide (IZO) and indium-tin-zinc-oxide (ITZO). 

[0026] The ground line is beneficially formed from chrome (Cr) or 
molybdenum (Mo). 

[0027] The method further includes the step of forming an auxiliary data line 
along each of the data lines. In the method, the auxiliary data line is beneficially 
formed from a transparent conductive material, which is selected from indium-tin- 
oxide (ITO), indium-zinc-oxide (IZO) and indium-tin-zinc-oxide (ITZO). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] These and other objects of the invention will be apparent from the 
following detailed description of the embodiments of the present invention with 
reference to the accompanying drawings, in which: 

[0029] Fig. 1 is a schematic block circuit view showing a panel structure of a 
conventional X-ray detecting device; 

[0030] Fig. 2 is a plan view showing a structure of the X-ray detecting device 
shown in Fig. 1 ; 
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[0031] Fig. 3A to Fig. 3G are section views showing a method of fabricating 
the X-ray detecting device (with the section views taken along line A- A' of Fig. 2); 
[0032] Fig. 4 is a section view of area "H" of Fig. 2; 

[0033] Fig. 5 is a plan view showing a structure of an X-ray detecting device 
according to a first embodiment of the present invention; 

[0034] Fig. 6A to Fig. 6G are section views showing a method of fabricating 
the X-ray detecting device (with the section views taken along lines B-B' and C-C of 
Fig. 5); 

[0035] Fig. 7 is a plan view showing a structure of an X-ray detecting device 
according to a second embodiment of the present invention; and 
[0036] Fig. 8 is a section view along line D-D 5 of Fig. 7. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0037] Referring now to Fig. 5, there is shown an X-ray detecting device 
according to a first embodiment of the present invention. As shown, a pixel electrode 
55 is formed in a pixel area partially defined by a gate line 53 and a data line 60 (in 
practice there are a plurality of gate lines and data lines that are arranged in a matrix). 
A charging capacitor Cst is formed from a storage electrode 75, a transparent 
electrode (which is not shown in Fig. 5, but which is discussed in more detail 
subsequently) adjacent the storage electrode 75, and an interposed storage insulation 
layer (which also is not shown in Fig. 5, but which is discussed in more detail 
subsequently). In contrast to the storage electrode 25 shown in Fig. 2, the storage 
electrode 75 extends along a ground line 72 and over the gate line 53. Accordingly, 
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breakage of the ground line 72 caused by a step (reference Fig. 4) is reduced. Further, 
the storage electrode 75 extends into adjacent pixels. The ground line 72 crossing the 
pixel electrode 55 and is used to reset residual electric charges on the charging 
capacitor Cst. 

[0038] Still referring to Fig. 5, a thin film transistor (TFT) is formed at an 
intersection between the data line 60 and the gate line 53. That TFT includes a gate 
electrode 62 that extends from the gate line 53, a source electrode 66 that extends 
from the data line 60, a drain electrode 64 that connects to the pixel electrode 55, and 
semiconductor layers (which are not shown in Fig. 5) that connect to the source 
electrode 66 and to the drain electrode 64. 

[0039] An end of the gate line 53 and an end of the data line 60 are provided 
with, respectively, a gate pad 68 and a data pad 70. Those pads connect to a driving 
integrated circuit (IC). The gate line 53, the gate electrode 62, and the gate pad 68 are 
beneficially made from the same metal material, which can be an aluminum (Al) and 
molybdenum (Mo) structure. The data line 60 is beneficially made from a 
molybdenum metal (which produces good signal transfer characteristics). The data 
pad 70 beneficially has a structure like the gate pad 68, which enables making a 
connection to the driving IC using an Al wire bonding. Thus, since the data pad 70 is 
formed on a different layer than the data line 60, the date pad is connected to the 
driving IC via a contact hole 71 passing through a gate insulating film (which is not 
shown in Fig. 5). The gate pad 68 and the data pad 70 have an Al layer exposed 
through respective contact holes 63a and 63b that are used to connect the driving IC. 
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[0040] Fig. 6A to Fig. 6G are section views showing a method of fabricating 
the structures shown in Fig. 5. Those section views emphasize a thin film transistor 
part and a storage capacitor part. Referring first to Fig. 6A, the gate line 53 and the 
gate electrode 62 are provided on the substrate 52. The gate line 53 and the gate 
electrode 62 are beneficially formed by sequentially depositing an Al layer 62a and a 
Mo layer 62b using a deposition technique (such as a sputtering) and then patterning 
those layers. 

[0041] Referring now to Fig. 6, an active layer 84a and an ohmic contact layer 
84b are then provided on a gate insulating film 82. The gate insulating film 82 is 
formed by depositing an insulating material over the substrate 52 (such as by using a 
plasma enhanced chemical vapor deposition (PECVD) technique) so as to cover the 
gate line 53 and the gate electrode 62. The gate insulating film 82 is beneficially made 
from an insulating material such as silicon nitride (SiN x ) or silicon oxide (SiO x ), etc. 
Then, the active layer 84a and the ohmic contact layer 84b are formed by disposing 
first and second semiconductor materials on the gate insulating film 82. Those layers 
are then patterned. The active layer 84a is made from intrinsic amorphous silicon, 
while the ohmic contact layer 84b is made from doped amorphous silicon. 

[0042] Referring now to Fig. 6C, a transparent drain electrode 67 and the 
storage electrode 75 are then provided on the gate insulating film 82. The transparent 
drain electrode 67 and the storage electrode 75 are formed by depositing a transparent 
conductive material on the gate insulating film 82, and then by patterning that 
transparent conductive material The storage electrode 75 is formed so as to extend 
along a ground line that is formed subsequently. While Fig. 5 shows only one full 
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pixel area, it should be understood that the illustrated full pixel area is replicated in a 
matrix fashion. Further, as shown in Fig. 5, the storage electrode 75 extends into the 
other pixel areas. Thus, the storage electrodes of each pixel area are connected to each 
other. The transparent drain electrode 67 and the storage electrode 75 are beneficially 
formed from indium-tin-oxide (ITO), indium-zinc-oxide (IZO) and/or indium-tin- 
zinc-oxide (ITZO). 

[0043] Referring now to Fig. 6D, the source electrode 66, the drain electrode 
64 and the ground line 72 are then provided on the gate insulating film 82. The 
ground line 72 and the source and drain electrodes 66 and 64 are formed by 
depositing a metal material (such as by using CVD or sputtering) and then by 
patterning that metal material. After the source and drain electrodes 66 and 64 are 
patterned, the ohmic contact layer 84b over the gate electrode 62 is patterned to 
expose the active layer 84a (see Fig. 6B). The active layer 84a between the source and 
drain electrodes 66 and 64 forms a channel. The ground line 72 is formed along the 
storage electrode 75 so as to cross the gate line 53 and a pixel electrode that is formed 
subsequently. The ground line 72 and the source and drain electrodes 66 and 64 are 
beneficially formed from chrome (Cr) or molybdenum (Mo), etc. 

[0044] Referring now to Fig. 6E, a transparent storage electrode 85 is 
provided on a storage insulating layer 86. The storage insulating layer 86 is formed by 
depositing an insulating material in such a manner as to cover the source electrode 66, 
the drain electrode 64 and the ground line 72. The transparent storage electrode 85 is 
beneficially formed by depositing the same material used to make the transparent 
drain electrode 67 onto the storage insulating layer 86, and then patterning the 
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transparent material for form. The transparent storage electrode 85 will act as an 
etching stopper in a later step. 

[0045] A storage capacitor is formed by the transparent storage electrode 85, 
the storage electrode 75, and the storage insulating layer 86. The storage insulating 
layer 86 is beneficially made from an inorganic insulating material such as silicon 
nitride (SiN x ) or silicon oxide (SiO x ). The transparent storage electrode 85 is 
beneficially made from a transparent conductive material such as ITO, IZO or ITZO. 

[0046] Referring now to Fig. 6F, a protective layer 90 is then provided on the 
storage insulating layer 86. The protective layer 90 is formed by depositing an 
insulating material onto the storage insulating layer 86 in such a manner as to cover 
the transparent storage electrode 85, and then by patterning that insulating material. 
Additionally, first and second storage contact holes 69a and 69b that pass through the 
protective layer 90 are defined so as to partially expose the transparent storage 
electrode 85. Further, a drain contact hole 65 that passes through the storage 
insulating layer 86 and the protective layer 90 and that exposes the transparent drain 
electrode 67 is also defined. The protective layer 90 is beneficially comprised of an 
organic insulating material such as an acrylic organic compound, Teflon, BCB 
(benzocyclobutene), Cytop or PFCB (perfluorocyclobutane), etc. 

[0047] Referring now to Fig. 6G, the pixel electrode 55 is then provided on 
the protective layer 90. The pixel electrode 55 is formed by depositing a transparent 
conductive material over the protective layer 90, and then by patterning that 
transparent conductive material. The pixel electrode 55 electrically contacts the drain 
electrode 64 through the transparent drain electrode 67 that is exposed via the drain 
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contact hole 65. The pixel electrode also electrically contacts the transparent storage 
electrode 85 via the first and second storage contact holes 69a and 69b. The pixel 
electrode 55 is beneficially comprised of indium-tin-oxide (ITO), indium-zinc-oxide 
(IZO) and/or indium-tin-zinc-oxide (ITZO). 

[0048] Fig. 7 and Fig. 8 show an X-ray detecting device according to a second 
embodiment of the present invention. That X-ray detecting device includes elements 
similar to the X-ray detecting device shown in Fig. 5, except that an auxiliary 
transparent line 87 is provided on the data line 60. 

[0049] The auxiliary transparent line 87 is formed along and on the data line 
60, Accordingly, it becomes possible to prevent step-induced problems where the gate 
line 53 crosses the data line 60, as well as breakage of the data line 60 caused by 
particles created during deposition. Furthermore, it becomes possible to reduce the 
resistance of the data line 60. 

[0050] Hereinafter, a method of fabricating a data line part of such an X-ray 
detecting device will be described. Referring now to Fig. 8, first, the gate line 53 is 
formed by depositing and patterning a metal layer on the substrate 52. The gate 
insulating film 82 is then formed over the substrate 52 and the gate line 53. Then, an 
auxiliary transparent line 87 is formed by depositing and patterning a transparent 
conductive material. The data line 60 is then formed by depositing a metal layer over 
the auxiliary transparent line 87 and then by patterning that metal layer. Subsequently, 
a storage insulating layer 86 and a protective layer 90 are sequentially formed so as to 
cover the data line 60. The pixel electrode 55 (not shown in Fig. 8, but reference Fig. 
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7) is then formed by depositing and patterning a transparent conductive material on 
the protective layer 90. 

[0051] As described above, according to the present invention, a storage 
electrode is formed along the ground line. Accordingly, a step between the storage 
electrode and the ground line can be eliminated, reducing or preventing breakage of 
the ground line. Further, the storage electrodes of the pixels are connected to each 
other, thereby reducing the resistance of the ground line. Moreover, an auxiliary 
transparent line can be formed along the data line on the data line, so that it becomes 
possible to prevent a breakage of the data line as well as to reduce a resistance of the 
data line. 

[0052] Although the present invention has been explained by the 
embodiments shown in the drawings described above, it should be understood that the 
invention is not limited to those embodiments, but rather that various changes or 
modifications thereof are possible without departing from the spirit of the invention. 
Accordingly, the scope of the invention shall be determined according to the 
appended claims and their equivalents. 
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